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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The field of the invention is the eledrometallization of non-metallic substrates without using an electroless 
nnetal coating. In one eml^odinnent, the invention relates to circuit boards and a method for Improving the manufacture 
of such boards by eliminating electroless plating of the boards and effecting through-hole plating and/or directly forming 
10 circuits thereon by an etectrolytically deposited metal coating. A novel coating process is disclosed for this process. 

DIscuealon of the Related Art 

[0002] Many processes are known for the formation of metal coatings on non-metallic substrates either for decorative 
IS or functional purposes. One of the more commercially important uses of such coatings is in the manufacture of printed 
circuit boards. Printed circuit boards (PCB's) comprise, for example, a rigid non<onducting or dielectric base made 
up of a fibrous material such as glass fibers, paper and the tike in combination with a polymer such as an epoxy resin, 
and a conductive metal layer such as copper on either one or both surfaces. Multilayer boards (MLB's) comprise several 
PCB's laminated to one another by means of an adhesive. In additbn to rigid boards (as described above), flexible 
20 boards can be produced employing thermoplastic dielectrb layers such as fluorocarbon polymers. Nylon polymers, 
polyimides, Kevlar™ reinforced polymers, polyparabanic acids and polyesters. Flexible boards are nnanufactured with- 
out fiber reinforcing. Production of both of these types of printed circuit boards are described in Printed Circuits Hand- 
book. Second Edition, edited by C. F. Coombs, Jr., McGraw-Hill, 1979. 

[0003] Laminated combinations of flexible and rigid boards are also finding utility In some applications for MLB's. 
25 [0004] In the manufacture of PCB's, a metal conductive foil such as copper is bonded to the circuit board, although 
any metal may be applied to a non-conductive dielectric circuit board as a foil or by electro deposition or electroless 
deposition. 

[0005] Prior to laminating inner layers to form an MLB, the metal surface is treated in an art known manner to produce 
electrically conductive lines (circuits) for the transfer of current between components of an electric circuit, the compo- 
se nents comprising by way of example diodes, transistors, resistors, capacitors and the like. The circuits may be formed 
either by a positive or a negative working photoresist, sitk screen resist or hand painted resist process followed by 
etching and In some instances, electrodeposition of a metal or metals, all of which is known in the art. 
[0006] In forming MLB's by laminating, an adhesive in the form of a prepreg is inserted between the surfaces of the 
PCB's that are to be laminated, after which the multilayers are further treated by application of heat and pressure. The 
35 prepreg generally comprises a woven or non-woven layer or layers of fibers such as glass, cellulose (e.g. , paper), and 
the like, glass being preferred. The prepreg also is impregnated with a so-called "B-stage" resin such as an epoxy 
resin that has been partially cured. Art known equivalents of epoxy resins are also employed as adhesives such as 
acrylic resins (used with polyimide circuit boards) or polyester resins. 

[0007] I n MLB's, the circuit of one board is connected to the circuit of one or more of the other boards in the multilayers. 

40 This is done by forming pads or circular areas of metal at a point or points on the conductive line or lines of the board. 
The pads may also be isolated from the conductive lines. The other board or boards that are to be connected are 
similarly provided with pads and in the laminating process the pads of the different boards are aligned over one another 
[0008] The MLB is then pressed and cured after which the pads of the inner layers are drilled to form through-holes. 
The diameter of the drill is considerably less than the diameter of the pad, the ratio of diameters of the pad to the drill 

45 being about 2:1 or greater, so that the overall structure comprises at a minimum, a pad from one board aligned over 
a pad from another board, with a through-hole passing through them. Since the through-hole in cross-section ideally 
presents a surface of alternating layers of the pads of the individual PCB's separated by the non-conductive base, an 
electrically conductive element has to be employed in the hole to form an electrk;al connection between the pads. This 
is done by a process known In the art as through-hole plating (PTH). 

60 [0009] PTH processes are also employed for connecting two metal conductive surfaces having a single non-con- 
ductive or dielectric board interposed therebetween for the formation of a PCB. Double sided boards of this type and 
the fomnation of through-holes in such boards are to be considered as falling within the scope of the present invention 
^ and are intended to be included within the broad definition of an PCB as that term is used throughout the written 
description of the present specification. 

65 [0010] Before the PTH process can be undertaken, any "smear" in the hole must be removed. Smearing is encoun- 
tered when the drill bit emptoyed to form the hole through the aligned pads in an MLB picks up resinous material from 
the hole and deposits this material on the wall of the hole during the drilling prcx:ess. Since the wail of the hole contains 
alternating resinous material layers and metal layers, the surface of the metal layers that form part of the hole wall will 
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be coated with the resinous material thereby preventing any metallic plating material applied to the surface of the hole 
wall from contacting the metal layers and forming an electrically conductive connectbn with it. It is believed that the 
resinous nnaterial such as a B-stage epoxy resin used in the prepreg comprises the principle material involved in the 
smearing of the hole. Smearing, therefore, renders the PTH process ineffective. 

s [0011] The problem of smearing is overcome by chemical cleaning in which a strong mineral acid such as sulfuric 
acid (optionally followed by hydrofluoric acid) is used in an "etch-back" process to etch away the "smear" from the wall 
of the hole. Hydrofluoric acid is used to remove any glass fiber ends that might be projecting into the hole. The glass 
fiber ends come from the glass fiber employed in the manufacture of the circuit boards or prepreg and are removed 
since they cause imperfections in the surface of the metallic coating applied by the PTH process and can cause con- 

10 ductivity failures in the hole. 

[0012] The etch-back process requires very careful control in order to prevent excessive etching of the wall of the 
hole. The concentratbn and temperature of the etching solution has to be monitored as well as the length of time over 
which the etching process is conducted. 

[001 3] After smear is removed* the through-hole is plated. Prior art methods comprise the application of electroless 
15 copper as a PTH plating material. Standard electroless copper plating solutions known In the art are used for this 
purpose. Prior to applying the electroless copper, and in order to promote its deposition on the non-conductive surface, 
the non-conductive surface is treated with a two step activator comprising a stannous chloride sensitizer solution fol- 
lowed by a sensitizer solution of divalent palladium chloride according to the process of Berqstrom et al. . U.S. Patent 
No. 2,702,253. The stannous chloride is oxidized to stannic chloride and the palladium chloride reduced to palladium 
20 metal on the uncoated portions of the board. The palladium, however, when in contact with the copper cladding of the 
circuit board, fomns a palladium immersion coating on the copper since palladium is more noble than copper and 
displaces it. This can result in an inordinate consumptbn of palladium in the process. 

[0014] A more preferred method for preparing the activator is described by Shipley, Jr., U.S. Patent No. 3,011,920 
which employs an activator comprising a noble metal dispersion e^, a colloidal palladium dispersion, containing stan- 

25 nic tin. Stannic and/or stannous tin forms a protective colbid around the metallic palladium, and the dispersion implants 
a precious metal site on the non<onductive surface for the purpose of initiating the deposition of the copper by chemical 
reduction. This process substantially eliminates the problems of forming immersion palladium coatings on the copper 
surface of the copper-clad boards. A post activator is then employed, generally an acid, to solubilize the protective 
colloid and expose the noble metal, Le., palladium. 

30 [001 5] The subsequently applied electroless copper coating solution contains cupric ions and a reducing agent such 
as formaldehyde, which reduces the cupric ions in the solution to copper metal when in the presence of palladium, 
which acts as a catalyst for the reduction. The copper metal plates out on the surface of the through-hole, making 
electrical contact with the walls of the metal pads through which the hole is drilled as well as the copper surface on the 
outer and inner layer(s) of the MLB. The electroless copper may have subsequent metal coatings applied to it by 

35 electrolytic means. 

[0016] The stability and plating characteristics of electroless copper are controlled to a large degree by additives 
known collectively as stabilizers or rate controllers. Because these additives require a fine balance in the plating bath 
under various production conditions, the electroless copper process is difficult to control precisely so that consistent 
results are obtained. This balance is obtained by conducting regular analyses of the components of the electroless 
40 bath as well as continuous or periodic addition of the various additives. Temperature control of the bath is also required 
as well as continuous filtration and aeration. The plating tank and bath filter have to be cleaned regularly and regular 
plating rate determinations have to be made as well. 

[0017] Significantly, environmental problems have to be addressed when employing electroless copper, such as 
removal of the complexing agents employed in the bath from waste-water streams, removal of the metal from the bath 

45 prior to disposal of the spent bath, nnonitoring COD levels in waste-water, reducing such levels and lastly, exposure of 
operators and the environment to formaldehyde which is a carcinogen. The latter is an especially significant problem. 
[0018] Various processes and compositions have been developed to avoid the use of electroless copper plating for 
many of the above reasons. Elimination of the electroless copper coating could also amount to significant cost savings 
in the production of metallized non-conductive materials such as circuit boards, 

so [0019] One of the systems used to avoid electroless coatings was based on conductive ink technology which relies 
on the physical deposition of a fine layer of carbon in the through-holes and over the entire board surface. 
[0020] However, carbon deposits on the metal surface of a circuit board interfere with the adhesion of copper or 
other metals that are subsequently electroplated onto the base copper and accordingly the carbon had to be removed 
by an etching step prior to electroplating. It was difTtcult to control this etching step and the carbon in the through-holes 

55 also had to be protected. For these reasons, the carbon process had only limited commercial acceptance. 

[0021] Another solution to the problem was the employment of conductive polymers, whereby the circuit board or 
other non-metallic substrate is immersed in a strong hot permanganate solution to produce manganese dioxide on the 
substrate, such as the epoxy surfaces of a MLB. When the board thus treated is contacted with a suitable monomer, 
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the conductive polymer is formed on those areas on which the manganese dioxide is formed. One of the advantages 
of employing this process is there is little conductive polymer deposited on the copper surface of the circuit board. 
Some difftcutties are presented, however, in that glass or other resins such as polyimides and potytetrafluoroethylene 
are not readily coated by this process. In addition, there are problems encountered in controlling polymer layer thbk- 
5 nesses and monomer instability, as well as sc^e environmental problems. The monomers are generally hazardous 
substances and. because of their volatility, will escape into the atmosphere and polymerize to form a black film on 
other areas of the circuit board and the coating equipment. 

[0022] Radovskv et al. . United States Patent No. 3,099,608, assigned to IBM, discloses a process in the early 1 960's 
for the direct metallization of non-conductive non-metallk; substrates by a system using a "conductivator* metal such 
10 as palladium in colloidal or semi-colloidal form. By very carefully controlling the process, Radovskv et al. found that it 
was possible to build enough potential across the through-hole portion of a two-sided board to Induce copper depositbn. 
Although the process proved to be of little commercial value, several subsequent processes were based on the Ra- 
dovskv et al. discovery. 

[0023] For example, Hottzman et al.. United States Patent No. 4,891 ,069 discovered that if the palladium colloid was 
IS stabilized with a water soluble salt such as aluminum chtoride, the palladium woukJ act to combine with hydrogen that 
was generated electrolytically and this hydrogen cou kJ be employed to reduce a subsequently or simultaneously applied 
aqueous solution of a copper salt thereby eliminating electroless copper 

[0024] At about the same time. Morrissey et al.. United States Patent No. 4,683,036 developed the "EE-I ' system 
in which the electroless coating process was also eliminated. In the EE-1 system, palladium "islands" are formed in 
20 the through-holes and plated by a special copper bath that contains an inhibitor whk:h generally can be described as 
a surfactant, chelating agent, brighteneror levelling agent. 

[0025] Although the EE-1 process has some promise as a commercially viable method, it is not especially suitable 
in pattern plate applicatbns since panel plating is required while the panels are still wet from the catalyzing step. 
Additionally, the EE-1 process is not especially suitable for effectively plating high aspect ratio multi-layer boards. 

25 [0026] Seve ral so-called sulfide conversbn coatings can also be employed to electroplate non-conductive substrates 
without the application of an electroless metal coating such as those described by Biadon. United States Patent Nos. 
4,895,739 and 4,91 9,768. in which a catalytic metal chalcogenkJe is formed on a non-metallic substrate by applying a 
tin-noble metal electroless catalyst to the substrate and subsequently treating the substrate with a solution containing 
a dissolved sulfide to form a sulfide of the noble metal. An electrolytic metal coating is then applied to the substrate. 

30 [0027] Gulla et al. . United States Patent No. 4,610,333 also describes the application of a transitbn metal sulfide to 
a non-metallic substrate adjacent to and in contact with conductive areas on the substrate after which electrolytic plating 
can be conducted over the sulfide formed. A pennanganate solution is given as an example of one of the transition 
metal compounds that can be employed in the process and is used to form a manganese oxide coating on the substrate. 
This manganese coating is subsequently converted to a sulfide by means of a metal thiocarbamate solution. 

35 [0028] The conductivity of the sulfide conversbn coating, as welt as the conductive polymers described previously 
is generally low. Accordingly, it is difficult to avoid what is known in the art as "dog-boning" as plating buikJs up near 
the through -hole entrances and in the case of small holes, closing the hole before plating has reached through the 
center of the hole. Long plating times are also encountered employing either one of these systems and this can con- 
tribute to excessive "pink-ring" formation. 

40 [0029] Okabayashi . United States Patent No. 5,071,517, assigned to Solution Technology Systems, describes a 
method for the direct electroplating of a non-conducting substrate where the substrate is first treated with a non-acidic 
aqueous salt solution containing a micro-fine collokjal dispersbn of a noble or precious metal and tin to form a strongly 
adsorbed, unifomi conducting layer upon at least a portion of the substrate. The conducting layer is then electroplated 
directly. Okabayashi describes the use of an aldehyde such as lignin vanillin and notes that it is utilized to fonn the 

45 micro-fine palladium/tin catalyst. According to the invention, electroless plating systems, conversion coatings or pref- 
erential plating solution additives are avoided. 

[0030] Hamden . in a paper presented at Northeast Circuits Association Technical Conference, March 19, 1992, 
further describes the solution Technology Systems catalyst as being easier to process control than electroless copper, 
noting that the unifonnity and fineness of the catalysts are augmented by the use of a food grade aldehyde. Hamden 

so goes on to state that with normal processing, the adsorbed catalyst does not provide enough conductivity to allow 
processing small holes or high aspect ratios, but by using a special alkaline accelerator, a continuous and highly con- 
ductive catalyst film is produced which is easily removed from the copper surfaces of a circuit board by micro^tching. 
It is further noted by the author that in order to achieve optimal conductivity after the boards are immersed in a warm 
solution of the tin-palladium cotbid catalyst, they are immersed in a mild alkaline bath which also contains a small 

55 amount of copper ions which deposit on and between the tin-palladium particles. 

[0031] Hamden et al. . International Patent Application WO 93/00456, describe aqueous accelerating solutions and 
methods for their use in connection with direct electroplating of dielectrk; basis materials. The accelerating solutions 
are mildly basic aqueous solutions including dilute concentrations of copper ions. 
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[0032] Kitaev et al. . United States Patent No. 3,984.290 describes a PTH process in which a film is formed by im- 
mersing a MLB into a solution containing ions of a metal which is more electropositive than the metal of the metal 
layers. The film obtained has a monolithic structure in the dielectric zones of the through-hole and a porous structure 
in the metal zones. Examples of solutions containing ions of a metal which is more electropositive than the metal of 

s the MLB metal layers include silver salt/ammonium hydroxide solutions; palladium copper-salt/sulfuric acid solutbns 
and palladium salt/hydrochloric acid solutions. Prbr to immersion of the MLB into one of these solutions, the structure 
is preferably treated with a conventional sensitizer such as those containing ions of divalent tin or trivalent titanium. 
[0033] Conrod et al. . European Patent Application EP-A-538 006, published on 21.04.93 describe a direct metalli- 
zation process wherein plastic substrates may be electrolytically plated without the need for any prior electroless plating. 

10 The process uses a specially formulated post-activator composition at an elevated temperature to treat the activated 
substrate comprising either an alkaline solution containing an effective amount of metal ions which undergo a dispro- 
portionation reaction or an alkaline solutbn containing a metal ion such as Cu^^. 

SUMMARY OF THE INVENTION 

IS 

[0034] Accordingly, an advantage of the present invention is to provide a process for the electrolytic plating of a non- 
metallic substrate without the application of an electroless coating to the substrate and one that substantially obviates 
one or more of the limitations and disadvantages of the related art. 

[0035] It is a further advantage of the present invention to provide a novel self accelerating and replenishing formal- 
20 dehyde free immersion metal coating process for subsequently electrolytically plating a non-metallic substrate without 
employing an electroless metal coating. 

[0036] A further advantage of the invention is that it does not employ a formaldehyde containing coating composition 
and thereby avoids the various health and environmental problems associated with the use of formaldehyde. 
[0037] The specific advantages and other advantages of the invention will be realized and attained by the process 
25 and composition of matter particularly pointed out in the written description and claims hereof. 

[0038] To achieve these and other objects and advantages and in accordance with the purpose of the inventbn, as 
embodied and broadly described herein, the invention comprises a process for applying a metal coating to a noncon- 
ductive substrate without employing an electroless coating comprising: 

30 a. contacting said substrate with an activator comprising a noble metal/Group IVA metal sol to obtain a treated 

substrate; 

b. contacting said treated substrate with a self accelerating and replenishing immersion metal composition having 
a pH above 1 1 to pH 1 3 comprising a solution of; 

35 (i) a Cu(ll), Ag, Au, or Ni soluble metal salt or mixtures thereof, 

(ii) a Group lA metal hydroxide, 

(iii) a complexing agent comprising an organte material having a cumulative formation constant log K of from 
0.73 to 21 .95 for an ion of the metal of said metal salt, 

40 to obtain a coated substrate. 

[0039] An especially preferred activator comprises a palladium-tin sol where the Group IB metal comprises copper. 
Complexing agents that are especially suitable for the purpose of the invention comprise aliphatic and aromatic amines 
and amino acids, gluconic acid, lactic acid, or acetic acid, tartaric acid and their salts and especially monoethanolamine. 
A preferred alkaline metal hydroxide comprises lithium hydroxide. 

45 [0040] After the self accelerating and replenishing immersion metal composition has been applied to the substrate, 
an electrolytic metal coating compositbn can be applied to the substrate such as an electrolytic copper composition. 
It has also been found that prior to the application of the electrolytic coating, that the self accelerating and replenishing 
immersion metal composition on the substrate is advantageously prepared for the electrolytic metal coating by micro- 
etching with a conventional acid type microetch composition. Prior to the microetch, however, the substrate treated 

so with the self accelerating and replenishing immersion composition is contacted with a neutralizing and reducing com- 
position comprising an acid and a salt of an inorganic or organic amine, the salts in one embodiment comprising salts 
of hydroxylamine or hydrazine and the acid comprising a mineral acid. The substrate once treated with the neutralizing 
and reducing solution is then microetched and electrolytically coated. A circuit may be provided on the substrate such 
as a microcircuit which is produced on the substrate in a conventional manner. 

55 [0041] Unlike the direct electroplating methods of the related art, the present invention is directed to a two step 
process In which the conductivity of the substrate is increased by means of the self accelerating and replenishing 
immersion metal composition after which the treated substrate is electrolytically coated with a metal. The present 
invention advantageously avoids the use of an electroless metal coating an avoids the health and environmental prob- 
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lems associated with the formaldehyde contained in electrotess coating compositions. 

[0042] It is to be understood that both the foregoing general description and the following detailed description are 
exemplary and explanatory and are intended to provide further explanation of the invention as claimed. 

S DETAILED DESCRIPTION 

[0043] It has been found according to the present invention that non-conductive polymers or metal-clad dielectric 
substrates such as copper ctad substrates can be electroplated directly by a process sequence which includes con- 
tacting the substrate with a conditioner, folbwed by an activator and then a novel self accelerating and replenishing 

10 non-formaldehyde immersion metal composition such as a copper coating solution followed by a neutralizer. This 
treatment makes such non-conductive substrates sufficiently electrically conductive for direct electroplating. 
[0044] The various non-conductive substrates such as the MLB structures previously described herein or any coated 
or uncoated circuit board may be treated according to the process of the present invention as well as other non- 
conductive substrates such as polymeric substrates, ceramic substrates or other metal oxide non-conductive sub- 

is strates and also the substrates generally and specifically described by Lee in United States Patent No. 3.746,109. 
[0045] In one embodiment of the inventbn, copper-clad laminates with through-holes are employed as printed circuit 
board substrates. 

[0046] The substrates are first treated with a cleaner conditioner such as M & T Harshaw Connect Conditioner^ 
followed by appropriate rinses. This pretreatment of the board promotes the adsorption of the activating material to 
20 the substrate. 

[0047] The substrate is optionally micro-etched with a chemical etchant, where the substrate comprises a non-con- 
ductive material having a metal layer on it such as a copper-clad substrate which is employed in the manufacture of 
circuit boards. Examples of such a chemical etchant includes M & T Harshaw, B.D. Micro Etch*^ and others which are 
commercially available for this purpose. The micro-etching step Is employed in order to prepare the metal layer such 
2S as the copper layer portion of the substrate for subsequent electroplating. Acid dips and water rinses may be included 
after etching. 

[0048] Prior to treating the substrate with an activator, it may be immersed in a commercial pre-dip containing NaCI, 
SnClg and HCI, the pH of which is below about 0.5. 

[0049] The substrate is then treated with an activator comprising a noble metal/Group I VA metal sol. Noble metals 
30 comprise Ag or Au or Group VIII noble metals including Ru, Rh, Pd, Os, Ir, Pt, or various mixtures of such noble metals. 

The preferred noble metals are the Group VIII noble metals and especially a metal comprising palladium. 

[0050] The activator of the present invention is prepared in such a fashion so that there is excess Group IVA metal 

compound reducing agent present, i.e.. a stoichiometric excess of reducing agent fe.g. . divalent tin) compared to the 

noble metal compound (e.g. . divalent Pd) from which the activator is nnade. In this way the activator such as the Pd/ 
3S Sn sol has residual divalent Sn that can function as a reducing agent. 

[0051] The Group IVA metals that may be employed include, for example, Ge, Sn and Pb, or mixtures thereof Sn 

being preferred. 

[0052] The activator preferably will contain a stoichiometric excess of the Group IVA metal as compared to the noble 
metal. The Group IVA metal is substantially in its lowest oxidation state so that it will be available to reduce the more 

^0 noble metal salts that are employed in forming the activator. Because it is also employed in a stoichiometric excess 
based on the salts of the noble metal that are employed to form the activator, the excess of the Group IVA metal in 
combination with the activator will also be substantially in its lowest oxidation state. The activator thus prepared with 
the excess of the Group IVA metal in its lowest oxidation state wilt also be available to reduce the Group IB or other 
more noble metal salts that are subsequently brought into contact with the activator, such as the salts of copper as 

45 described herein. The Group IVA metal is preferably employed as a salt, such as a halide and especially a chloride, 
but in any event, will be present in an amount so that the molar ratio of the Group IVA metal to the noble metal of the 
activator is from 4:1 to 95:1, especially 10:1 to 55:1 and preferably from 15:1 to 50:1 . Some specific Group IVA metal 
salts that may be used in this regard comprise PbClQ, SnClg or a mixture of GeCI^ and GeC^ dissolved in dilute 
hydrochloric acid. The preferred Group IVA metal comprises tin and especially tin in the form of stannous chloride. 

60 [0053] The preparation of the activator is conventional and is disclosed by Shipley . United States Patent No. 
3.011,920 and Zebliskv . United States Patent No. 3,682,671. 

[0054] The treated substrate, after the activator solution has been applied, is rinsed and then treated with a self 
accelerating and replenishing immersion metal bath having a pH above 11 to pH 1 3. The self accelerating and replen- 
ishing immersion-bath contains a soluble metal salt, the metal of which is Cu(ll), Ag, Au or Ni or a mixture thereof. 
ss Examples of these salts are water soluble nickel salts or water soluble Group IB metal salts where the Group IB metal 
comprises Cu(ll), Ag, Au or mixtures thereof with each other or nickel salts. In one embodiment, the preferred Group 
IB metal salts comprise copper (II) salts. 

[0055] Anywhere from 0.0002 to 0.2 mols/ 1 and especially from 0.004 to 0.01 mols/l of the said metal salt may be 
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employed in the bath where the solvent preferably comprises water. 

[0056] Although the inventors do not wish to be limited by any theory, it Is believed that the process of the Invention 
proceeds by way of an immersion coating reaction whereby the said metal salts ]^ Group IB metal or nickel salts In 
solution (having a higher standard reduction potential in the electrochemical series) displace the Group IVA metal 

5 composition protective colloid In that the G roup IVA metals are less noble (Le,. have a relatively tower standard reduction 
potential in the electrochemical series). This Is borne out to some degree by the rise in concentration of Group IVA 
metal compounds in the process bath. Thus, for example, where the activator comprises a palladiumAin sol prepared 
by reduction of a palladium chloride solution by stannous chloride, colloidal palladium is formed in combination with a 
stannous chloride protective colloid. Where the self accelerating and replenishing Immersion metal composition com- 

10 prises a copper salt such as cupric chloride, tin which Is less noble than copper will be oxidized Into solution whereas 
the copper in reduced form will attach itself to the various palladium sites on the non<onductive substrate. It is this 
formation of the reduced copper on the non-metallic substrates that provides conductivity on the substrate. 
[0057] The bath includes a Group lA metal hydroxide in an amount from 0.1 to 3.5 mols/l and especially from 0.3 to 
1 .5 mols/l. The Group lA metals in this regard comprise Li. Na. K. Rb. Cs or mixtures thereof, especially Li. Na. K and 

t5 mixtures thereof and preferably a metal comprising LI. The pH of the bath is adjusted with the Group lA alkali metal 
hydroxide so that the bath is alkaline, especially above about 1 1 . such as from 11 .5 to 1 3.0. 
[0058] Lastly, the self accelerating and replenishing Immersion metal composition includes a complexing agent in- 
cluding an organic material having a cumulative fonmatton constant log K of from 0.73 to 21 .95 for an ion of said Group 
IB metal or nickel and is present in an amount from 0.05 to 1.0 mols/l and especially from 0.2 to 0.5 rrrals/l. The 

20 cumulative formation constant log K values are especially the log , log K3, tog K4. log Kf [ML] or log K, [MHL] constants. 
[0059] Generally the complexing agent is employed In an amount sufficient so that the bath can perform as a self 
accelerating and replenishing immersion metal bath and form a thin, dense metal-rich catalytic film on the substrate 
with sufficient electrical conductivity for subsequent electroplating and at the same time produce relatively clean metal 
surfaces. This is extremely important for the subsequent electroplating of the surface. 

2S [0060] The ccnnplexing agent is also selected so that the coating bath will be self accelerating and replenishing when 
the substrate is clad or coated with a metal that is also employed to coat the bare dielectric substrate such as copper. 
The complexing agent in this respect will be capable of reacting with the metal as the metal salt is depleted from the 
bath so that the new metal complex will In turn be employed for coating the bare dielectric substrate that has been 
treated with the activator. 

30 [0061] These organic complexing agents that may be used are generally described in Lange's Handbook of Chem- 
istn^. Edited by J. Dean, 12th Edition, and listed In the tables entitled "Cumulative Formation Constants For Metal 
Complexes with Organic Ligands" as follows: 



Temperature is 25*C and ionic strengths are approaching zero unless othenwise indicated: (a) at 20**C., (c) 0.1 M 


uni-univalent salt (d) 1 .0 M uni-univalent salt. 




LogK 


Acetate 


Ag(i) 


0.73 


Cu(ll) a 


2.16 


Ni(ll) 


1.12 


Acetvlacetone 




Cu(ll) 


8.27 


Ni(ll) a 


6.06 


Citric Acid 




Ag 


7.1 


Cu(ll) 


4.35 


Ni 


5.11 


1 .2-Diaminocvctohexane-N.N.N',N'-tetraacettc acid 


Cu(ll) c 


21.95 


NIC 


19.4 
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(continued) 



Temperature is 25^C and ionic strengths are approaching zero unless otherwise indicated: (a) at 20*^0., (c) 0.1 M 


uni-univalent salt (d) 1.0 M uni-univalent salt. 






LogK 


Dinnethvlalvoxime (50% dioxane) 




Cu(ll) 


12.00 


Ni 


11.16 


2,2'-DipYridYl 


Ag 


3.65 


Cu(ll) 


8.0 


Ni 


680 


Ethanotamine 


Ag 


3.29 


Cu(ll) 


6.68 


Ethvlenediamine 


Cu(ll) 


10.67 


Ni 


7.52 


Ethvlenediamine N.N.N'.N'-tetraacetic acid 


Ag 


7.32 


Cu(ll) 


18.7 


Ni 


18.56 


Glycine 


Ag 


3.41 


Cu(ll) 


8.60 


Ni 


6.18 


N'-(2-Hvdroxvethvl)ethvlenediamine-N,N,N'-triacetic acid 


Cu(ll) c 


17.40 


Nic 


17.0 


8-Hydroxv-2-nnethvlqu incline (50% dioxane) 


Cu(ll) 


12.48 


Ni 


9.41 


8-HydroxvQUinoltne-5-sultonic acid 


Cu(ll) 


11.92 


Ni 


9.57 


Lactic acid 


Cu(ll) 


3.02 


Ni 


2.22 


Nitrilotriacetic acid 


Cu(ll) c 


13.10 


Ni 


11.26 


1-Nitroso-2-naDhthol (75% dioxane) 


Ag 


7.74 


Cu(M) 


12.52 


Ni 


10.75 
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(continued) 



Temperature is 25*^0 and ionic strengths are approaching zero unless otherwise indicated: (a) at 20°C., (c) 0.1 M 


uni-univalent salt (d) 1.0 M uni-univatent salt. 






LogK 


Oxalate 


Ag 


2.41 


Cu(ll) 


6.16 


Ni 


5.3 


1.10-Phenanthroline 


Ag 


5.02 


Cu(ll) 


9.08 


Ni 


8.80 


Phthalic acid 


Cu(ll) 


3.46 


Ni 


2.14 


Pioeridine 


Ag 


3.30 


ProDVlene-1 .2-diamine 


Cu(ll) c 


6.41 


Nid 


7.43 


Pyridine 


Ag 


1.97 


Cu(ll) 


2.59 


Pvridine-2.6-dicarboxvlic acid 


Cu(ll) a. d 


9.14 


Nia.d 


6.95 


1-(2-PvridvlazoV2-naDhthol (PAN) 


Cu(ll) 


16 


Ni 


12.7 


4-(2-Pvridvlazo)resorcinaI (PAR) 


Cu (II) 


10.3 


Ni 


13.2 


Pvrocatechol-3.5-disulfonate 


Cu(ll) 


16.47 


Ni 


9.35 


6-Quinolinol 


Cu(lt) 


12.2 


Ni (50% dioxane) 


11.44 
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(continued) 





Temperature is 25'C and ionic strengths are approaching zero unless othenvise Indicated: (a) at 20*0.. (c) 0.1 M 

uni-univalent salt (d) 1 .0 M unl-univalent salt. 


5 




LogK 




Salicylic acid 


10 


Cu(ll) 
Ni 


10.60 
6.95 




Succinic acid 


15 


Cu(ll) 
Ni 


3.33 
2.36 




S-Sulfosalicyllc acid 


20 


Cu{ll) c 
NIC 


9.52 
6.42 




Tartaric acid 


25 


Cu(tl) 


3.2 


Thioalvcollc acid 




NI 


6.98 


30 


Thiourea 




Ag 
Cu(l) 


7.4 
13 




Triethanolamine 


35 








Ag 

Cu(ll) 
Ni 


2.30 
4.30 
2.7 


40 


Triethvlenetetramine (Trien) 


45 


Ag 

Cu(ll) 
Ni 


7.7 
20.4 
14.0 




1.1.1 -Trlfluoro-3-2'-Thenovlacetone (TTA) 




Ni 


10.0 



50 



[0062] The preferred complexing agent for copper ions is an alkanolamine comprising for example monoeth- 
anolamine. 

Alkanolamines In addition to monoethanolamine that may be employed in this regard Include the following lower al- 
kanolamtnes: 

diethanolamine; 
triethanolamine; 
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monoisopropanolamine; 
diisopropanotamine; 
triisopropanolamtne; 
mono-sec-butanolamine; 
s di-sec-butanolamine; 

2-amino-2-methyl-1 -propanediol; 
2-amino-2-ethyl-1 ,3-propanediol; 
2-dimethyIamino-2-methyl-l-propanol; 
tiis(hydroxymethyl) aminomethane; and 

10 

various mixtures of the alkanolamines. 

[0063] Other weak complexing agents can be used such as other amines, including aliphatic and cyclic e^, aronnatic 
amines having up to 1 0 carbon atoms all of which are described in Kirk-Othmer Encvctopedia of Chemical Technotoov 
under "Amines", Additionally, mono and poly carboxylic acids having up to 8 carbon atoms and their salts can be used 

IS and Include amino acids. These acids are also defined in KirkOthmer, Id. under "Carboxylic Acids" and "Amino Acids". 
The preferred acids in this regard include gluconic acid, lactic acid, acetic acid and tartaric acid. 
[0064] The various anions of the Group IB water soluble salt include Inorganic acid anions or mixtures thereof such 
as the halogen anions, le^ F*. Ch, Br or I* , Cl- being especially preferred, sulfate or carbonate anions, lower molecular 
weight organic acid anions such as fomnate or acetate anions or salicylate anions and the like. Additionally, mixtures 

20 of the foregoing antons can be employed as well as salt-like anions such as a Group IB halide alkali metal halide salts 
e.g. . CuCl22KCI.2H20, CuCl22NaCL2H20 and the various art known equivalents thereof. 

[0065] A preferred self accelerating and replenishing immerston copper bath comprises 4 to 60 g/l lithium hydroxide, 
10 to 30 g/l monoethanolamine and 0.2 to 1 .5 g/l cupric chloride. After contacting with the activator, the substrates are 
subjected to the self accelerating and replenishing immersion metal bath, for example, about 10 minutes with the 

25 temperature above 60**C (140''F). Bath temperature may vary from 49*C (120"F) to 82**C (180'F). Treatment time 
ranges from 4 to 12 minutes or more which Is typical for productton purposes however, may vary out of this range 
depending on the temperature and condition of the bath. The time used is actually the time necessary to provide the 
best metal coverage for the formation of the conductive film or to provide minimum required coverage. The conductive 
film Is then electrolytically coated by methods well known in the art. 

30 [0066] Subsequent electroplating of the self accelerating and replenishing Immersion metal coating of the present 
invention is best achieved if the coating is microetched in an acidw oxidizing medium so that the adhesion and mor- 
phology of the electrolytically applied metal coating f.e.g . copper) is optimized. Microetching is effected by an acidic 
oxidizing agent which is conventional in the art, however, it has been found that even short exposures (e^, about one- 
half minute) of the self accelerating and replenishing Immersion metal coating of the present invention to the microetch 

35 solution causes a loss in conductivity and if microetching is carried out over a period of time for about two minutes the 
coating loses substantially all of Its conductivity which indicates it is most likely entirely removed from the substrate. 
[0067] Accordingly, after the substrate has been treated with the immersion coating e^, the immersran copper bath, 
it is then preferably rinsed with water and subjected to a neutralization and reducing bath to eliminate this problem. 
The neutralization and reducing bath neutralizes the residual alkali on the treated surfaces and also improves the 

40 resistance of the conductive film to oxkJizing chemical micro-etchants. 

[0068] The neutrallzatbn and reducing steps may be conducted separately, Le^ in separate steps employing a first 
acid neutralization bath and a second reducing bath. 

[0069] Reducing agents that may be employed in this regard are generally disclosed in United States Patent No. 
4,005,051, and include, for example, lower alkylamino boranes such as dimethylamino borane; alkali metal borohy- 

45 drides such as sodium, potassium, or lithium borohydride, and especially sodium borohydride; alkali metal sulfites, 
sodium hypophosphite; ascorbic acid; iso-ascorbic acid; formic acid; salts of these acids; formaldehyde; and hydrazine 
or hydrazine compounds such as hydrazinehydrate. Other hydrazine compounds may be emptoyed such as benzyl 
hydrazine; 1,1-dimethylhydrazine; 1,2-dimethylhydraztne; 1 ,2-dimethylhydrazlne dihydrochlorlde; ethylhydrazlne; 
methylhydrazine; (2-n(trophenyl)hydrazine; phenylhydrazlne hydrochloride; iso-propylhydrazine and hydrazo diformic 

so acid. 

[0070] Hydroxylamines or salts thereof may also be used as reducing agents including both a- or p-hydroxylamines 
such as the a- or p-lower alkyi hydroxylamines (where tower alkyi, includes 1 to 5 carbon atoms, alkyi including both 
the straight chain alkyi groups and Isomers thereof), such as a- or p-methylhydroxylamine; a- or p-ethylhydroxylamine; 
or a- or p-arylhydroxylamlnes where aryl is phenyl, benzyl or naphthyl, and may be substituted by one or more lower 
ss alkyi groups and includes a- or p-phenylhydroxylamine and the like. 

[0071] An acidic neutralizing and reducing solutton is especially preferred in this regard and comprises an acid In 
combination with a salt of an organic or inorganic nitrogen compound such as the sulfate, acetate, bromide, fluoger- 
manate, fluosilicate, formate, hydrochloride, iodide, nitrate or orthophosphate of hydroxylamine. Hydrazine salts may 



11 




EP 0 616 053 B1 

also be employed such as the sulfate, fluorogermanate, fluorosilicate, formate, dihydrochloride, monohydrochbride, 
hydroiodide, dinitrate, mononitrate, oxalate, hypophosphate, orthophosphate, orthophosphite, selenate or tartarate of 
hydrazine. Mixtures of the foregoing salts can also be employed. Preferred compounds comprise hydroxylamine sulfate 
and hydrazine sulfate. Organic amine salts can also be employed, including the salts of aliphatic and heterocyclic 

s amines as well as aromatic amines, diarylamines, diaminotoluenes, methylenedianiline, and phenylenediamines and 
derivatives thereof all of which are described in Kirk-Qthmer. Concise Encyclopedia of Chemical Terminology, pp 82-87. 
[0072] The foregoing reducing agents may also be employed separately where the process Is conducted as a two- 
step process comprising a first step of acidic neutralizing and a second step of reducing the coating on the substrate. 
[0073] The acids that may be employed may comprise the mineral acids, le^ the sulfur, nitrogen, phosphorus and 

10 halogen acids as well as the lower molecular weight organic acids e^ those having up to 8 carbon atoms including 
both monocarboxylic and polycarboxylic aliphatic and cyclk: acids and mixtures of acids In a solvent such as water 
Sulfuric acid is preferred. Anywhere from 0.05 to 1 .5 moles/1 of acid may be employed in the neutralizing and reducing 
solution whereas the salt will be employed In an amount from 0.1 to 1 .0 moles/1 and especially from 0.2 to 0.4 moles/ 
I and are dissolved in an appropriate solvent such as water. A preferred neutralizing solution comprises 2% (0.2 molar) 

16 H2SO4 and 5% (0.3 molar) of hydroxylamine sulfate, the balance being water. 

[0074] The reduced substrate thus obtained and treated with an acidic oxidizing microetch solution substantially 
retains its conductivity. Le^ the conductivity after treatment with the neutralizing reducing solution followed by a micro- 
etch treatment showed no more than about 10% loss in conductivity whereas the substrate which was not subjected 
to the reducing treatment in some instances lost approximately 1 00% of the conductivity measured prior to the microetch 

20 step. 

[0075] The treated substrate is then rinsed and air dried for dry film application PCB pattern plating. Pattern plating 
of the circuit board can be effected by applying a resist or pattern for the substrate that is coated with the self accelerating 
and replenishing immersion metal coating of the present invention either before or after contact with the neutralizing 
reducing composition or after the electrolytic coating is applied, all of which is carried out in accord with procedures 

25 known in the art using conventional pattern forming techniques such as photoresist, silk screen or ion-beam patterning 
processes. Alternatively, the silk screen or photoresist can be applied to the substrate before the self accelerating and 
replenishing immersion metal coating is put on the substrate and the resist removed before or after the coating is 
contacted by the neutralizing-reducing compositton and/or the microetch oxidizing treatment. The patterned self ac- 
celerating and replenishing Immersion metal coating can then be coated electrolytically with a metal coating, again by 

30 methods well known in the art. 

[0076] In one commercial embodiment, the resist is applied after the electrolytic metal coating such as a copper 
coating is applied to the substrate, a resist is then placed over the electrolytic copper and where applicable, the through 
holes plugged or covered by a tent process (La, the resist is employed in such a manner so as to extend over the tops 
and bottoms of the through holes and is not removed in the developing process) after which the resist is developed to 

35 form a pattern. A metal, such as copper is electrolytically applied to form a pattern and an etch resist such as tin placed 
on the patterned metal. The photoresist is then removed and the metallic areas which are not coated with tin are etched 
so as to leave a circuit. 

[0077] The treated substrate can also be subjected to an electroplating bath in the case of PCB panel plating or 
plating on plastics or non -conductive polymers. 

40 [0078] The application of the self accelerating and replenishing immersion coating of the present invention to the 
substrates as defined herein therefore comprises the first step in a two-step process for the application of a metal 
coating to a non-metallic substrate. In this first step, the self accelerating and replenishing immerston metal coating 
provides a coating on the surface of the substrate with significantly towers resistance, Le,, the resistivity of the substrate 
is decreased to 0.039 (0, 1 ) to 1 1 .8 kn/cm (30kt2/in). and especially from 0.79 (2.0) to 5.9 kO/cm (15 kO/in.) as compared 

45 to the conductivity of the substrate prior to the application of the self accelerating and replenishing immersion bath 
which is zero (no conductivity). After the application of the self accelerating and replenishing Immersion metal bath, 
the substrate is coated electrolytically with the metal coating and the conductivity is increased significantly Where the 
electrolytically coated substrate is to be employed in circuit applications, the conductivity is sufTiciently high to meet 
industry standards in this respect. 

so [0079] The present invention is unlike the direct electroplating processes described for example by Morrissev and 
Holtzman where a palladiumAin colloid activator is applied to the substrate and subsequently electoplated directly, 
using electrolytic baths that have been modified for this purpose. By contrast, the present invention is directed to a 
two-step process wherein the conductivity is increased initially with the self accelerating and replenishing immersion 
metal coating after which in the second step, the substrate thus treated is coated electrolytically in a bath that will 

55 deposit a metal coating onto the substrate. The two step process of the present invention avoids the use of the elec- 
troless metal coating which contains formaldehyde and by eliminating formaldehyde from the process, health and 
environmental problems are also avoided. 

[0080] The substrate can be any non-conductive substrate as defined herein, but if the substrate comprises a circuit 
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board, a metal clad circuit board can be employed, e^, a copper ctad circuit board either with or without through-holes 
or such a circuit board where the metal has been removed by an acid etching process known in the art. Removal of 
the metal cladding, a^, copper In this manner leaves sites tor subsequent application of a metal coating such as the 
pattern plating described herein. 

5 [0081] Where the substrate comprises a board that has the metal coating removed, it can also be subsequently 
plated to fomn a circuit over the entire surface by methods known in the art which is sometimes referred to as panel 
plating. In comparative experiments it has been found that the process and compositk>ns of the present invention can 
be employed including the acid neutralizing-reducing bath and microetching steps in panel plating operations to obtain 
complete coverage of the board whereas by comparison, the Okabavashi and Momssey processes as described herein 

10 which do not employ the acid neutralizing reducing bath do not give full panel plating. 
[0082] The following examples are illustrative. 

Example 1 

IS [0083] Epoxy glass laminates (FR-4), commonly used for printed circuit boards, are employed as the substrate and 
comprise copper clad boards with drilled through-holes. The test panels are first stripped of the copper cladding foil 
by an acid etch, rinsed and dried to obtain bare epoxy-glass substrates. 

[0084] The panels are then treated with M & T Harshaw CC-301 cleaner conditbner, rinsed and then treated with M 
& T Harshaw PTC palladium-tin activator, rinsed and treated with the self accelerating and replenishing immersion 

20 copper bath of the present invention comprising 20 g/l lithium hydroxide, 15 g/1 monoethanolamine and 0.5 g/l cuprk: 
chloride in water for 10 minutes at 66°C (150'*F). The pH of the bath is 12.9. The substrate is then rinsed and treated 
with neutralizer, e^, a mild aqueous reducing solutton comprising 0.2 m/l H2S04 and 0.3 m/1 of hydroxy lamlne sulfate, 
rinsed and air dried. Treated substrates are then examined for surface resistivity values. Normally they show surface 
resistivity about 0.79 kSl/cm (2kt2/inch). The surface resistivity is also dependent upon the degree of surface roughness 

25 produced by either some physical or chemical surface pretreatment. In such cases, with various degrees of roughness, 
the resistivity values ranged between 39.4 (100) to 11.8 kfl/cm (SOkfl/inch) measured. Variation in resistivity values 
were also obsen^ed where different substrate materials are used. 

Examples 2-9 

30 

[0085] FR-4 epoxy glass laminate are first treated in the same way as described in Example 1 up to the activator 
step and rinsed, then processed for 10 minutes in different immersion copper baths with different chemical compositions 
as shown in Table 1 along with the results obtained. Of these, Examples 2, 3, 6, 8 and 9 are comparative. 

3S Example 10 

[0086] Following the procedure of Examples 2-9, FR-4 epoxy glass laminates are treated in the same way as de- 
scribed in Example 1 up to the activator step and rinsed then processed for ten minutes in an immersion copper bath 
comprising 20 g/l LiOH, 0.5 g/l cupric chloride, 15 g/l rochelle salt (potassium sodium tartarate) the copper bath having 
40 a pH of 1 2.0. The resistivity of the coating applied using this composition was 1 .4 kn/cm (3,5kQ/inch) and the stability 
was greater than 100**C, as was the case, for Examples, 2-5, 8 and 9. 

Example 11 

45 [0087] Copper-clad epoxy glass FR-4 laminate panels with drilled through-holes are treated by the process described 
in Example 1 and then electroplated in a conventional acid copper bath containing 75 g/l copper sulfate pentahydrate, 
10% by vol. of concn. sulfuric acid and 70 ppm of CI tons at 215 A/m2 (20 ASF) and 2rc (70°F). The plated panels 
showed good surface finishing, copper-copper adhesbn and void-free coverage Inside the through-holes. 

so Example 12 

[0088] The same test panels with similar pretreatment described in Example 10 are electroplated in a copper pyro- 
phosphate plating bath at 49'C (120*F), pH 8.3. The bath composition includes copper pyrophosphate 18-30 g/l; P2O7: 
Cu 7.4-8.0:1 ; ammonia as NH3. 0.38-2.25 g/l. The plated panels showed good finishing and coverage on the surface 
55 as well as inside the holes. 
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Example 1 3 



[0089] Panels of ABS plastic are treated through the process described in Example 1 , then electroplated in a con- 
ventional acid copper bath described in Example 10. The plated plastic panels showed good void-4ree coverage with 
a smooth lustrous finish. 

Table i 



10 



15 



20 



25 



30 



35 



40 



45 





Concentration g 










3 *** 


4 


5 


$*** 


7 
















?P 


i 


NaOH 








20 


LOO 
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t 












200 




150 










15 


15 






1 ; 


Gluconic 












5 






X,AczLc aci 


d 










29 






Acetic acid 














Methane 1 
Sulfonic Acid 














40 


Cupric 
chloride 




10 


0.5 


0.5 


0.5 


0.2 


1.0 




Lithium 
chloride 












40 
























dH 


12.9 


3,5 


12.9 


12.9 


^2.0 


11.5 


12.0 


1 

<i .0 ! 


Reslstivlt 

3cn/cm 
(kO/inch) 
Stability 


y high* 
>100*C 


high* 
>100*C 


0.79 , 
>LOO*C 


>100"C 


5.08, 
70*C 




>100«C 


m \ 


>ioo*'c ! 



♦ Not conductive ^ ^ ^ 

** Stable for about 24 hours, solution turns turbid afterwards, 

*** Comparative Examples 
Example 14 

[0090] An epoxy glass laminate (FR-4) substrate material is treated in the same way as described in Example 1 , up 
to the application of the immersion copper coating step, rinsed, treated with a reducing formulation comprising 0.1% 
so dimethylaminoborane (DMAB) and 0.5% boric acid (pH about 6.0) for 3 minutes at 30*»C, rinsed and air dried. The 
treated substrate is then measured for surface resistivity which is about 0.12 kn/cm (0.3 kl2/inch). 



Example 15 

55 [0091] Example 1 4 is repeated, however, the substrate is treated with a 2% sodium borohydride/4% sodium hydroxide 
solution for 3 minutes at 30'C in lieu of DMAB. The substrate is then rinsed and air dried and examined for surface 
resistivity Resistivity values fall within the range of 0.079-0.12 kO/cm (0.2-0.3 kO/inch). 
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Example 16 

[0092] The process of Example 14 is repeated, however the substrate is treated with a 5% sodium sulfite solution 
for 3 minutes at 40*C in lieu of DMAB, followed by rinsing. The substrate is then air dried and examined for resistivity. 
5 Resistivity values of about 2.8 kD/cm (7 kO/inch) are obtained. 

Example 1 7 

[0093] The process of Example 14 is repeated, however the substrate is treated with a reducing solution comprising 
10 a 1% aqueous solution of hydrazine (pH ^ 9.2) for 3 minutes at 27**C (BO^F) in lieu of DMAB, rinsed and air dried. The 
treated substrate is then examined for surface resistivity, which is about 0.059 kO/cm (0.15 kti/inch). 

Example 1 8 

75 [0094] The process of Example 14 is repeated, however the substrate is treated with a reducing composition com- 
prising 1 .0% hydrazine sulfate solution in water (pH 2.0) for 3 minutes at 2TC (80°F) in lieu of DMAB, rinsed and dried. 
Resistivity values of the substrate thus obtained fall in the range of 0.24-0.28 kQ/cm (0.6-0.7 kfi/inch). 

Example 1 9 

20 

[0095] The process of Example 14 is repeated, however a reducing solution comprising 1% lithium borohydride in 
water (pH 1 1 .2) is employed in lieu of DMAB and the substrate treated with this reducing solution for 3 minutes at 38'*C 
(100*F), after which it is rinsed and air dried. The substrate shows resistivity values in the range of 0.079-0.12 kn/cm 
(0.2-0.3 kn/inch). 

25 

Example 20 

[0096] In a separate experiment, substrates prepared according to Example 1 to 19 with different reducing agents 
and under different conditions as set forth are then treated with an acidic cleaner, rinsed and then treated with an 

30 oxidizing microetching solution. The acidic cleaner is either sulfuric acid or hydrochloric acid mixed with a nonranic 
surfactant. The oxidizing microetching solution is either a presulfate solution or mixture of hydrogen peroxide with 
sulfuric acid. After microetching, the substrates are rinsed, air dried and examined for surface resistivity, which is then 
compared to their initial resistivity prtor to a microetching treatment. Increases in the resistivity values (La a drop in 
conductivity) range between about 2-10 times depending on the reducing conditions. Higher initial resistivity numbers 

35 showed a bigger change in that higher final resistivity values are obtained. 

[0097] Those substrates without any reducing treatment when treated with an acidic cleaner followed by micro- 
etching show almost a 100% loss in the surface conductivity (resistivity values measured in mega-ohms). 



40 Claims 

1. A process for applying a metal coating to a nonconductive substrate without employing an electroless coating 
comprising: 

45 a. contacting said substrate with an activator comprising a noble metal/Group I VA metal sol to obtain a treated 

substrate; 

b. contacting said treated substrate with a self accelerating and replenishing immersion metal compositran 
having a pH above 11 to pH 13 comprising a solution of; 

so (i) a Cu(ll), Ag, Au, or Ni soluble metal salt or mixtures thereof, 

(ii) a Group lA metal hydroxide, 

(iii) a complexing agent comprising an organic material having a cumulative formation constant log K of 
from 0.73 to 21 .95 for an ion of the metal of said metal salt, 

55 to obtain a coated substrate. 

2. The process of claim 1 where said Group IVA metal is present in a stoichiometric excess compared to said noble 
metal and is substantially in its lowest oxidation state. 
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3. The process of claim 2 where said stoichiometric excess of said Group IVA metal comprises said Group I VA metal 
substantially in its lowest oxidation state. 

4. The process of claim 2 where the molar ratio of said Group IVA metal to said noble metal is from 4:1 to 95:1 . 

5 

5. Theprocessof claim 3 where the molar ratio of said Group IVA metal to said noble metal is from 10:1 to55:1. 

6. The process of claim 2 wherein said activator comprises a palladium-tin sol. 

10 7. The process of claim 6 where said complexing agent is an aliphatic amine, cyclic amine, carboxylic acid or amino 
acid having up to about 8 to about 1 0 cartx)n atoms. 

8. The process of claim 6 wherein said complexing agent is a lower alkanolamine, gluconic acid, lactic acid, acetic 
acid, and tartaric acid or their salts. 

IS 

9. The process of claim 8 wherein said complexing agent is monoethanolamine or tartaric acid or their salts, said 
Group lA metal hydroxide is lithium hydroxide and wherein said metal is copper. 

10. The process of any one of claims 1 to 9 wherein said substrate has a Group IB metal layer on one of its surfaces. 

20 

11. The process of any one of claims 1 to 9 wherein said substrate has a copper layer on one of Its surfaces. 

12. The process of any one of claims 1 to 11 wherein said substrate is a circuit board having through-holes, said metal 
coating being applied at least to the walls of said through-holes. 

25 

13. The process of claim 12 wherein said circuit board, before applying said metal coating, has a Group IB metal on 
one of its surfaces other than the walls of said through-holes. 

14. The process of claim 12 wherein said circuit board, before applying said metal coating, has copper on one of its 
30 surfaces other than the walls of said through-holes. 

15. The process of any one of claims 1 to 1 4 comprising electrolytically coating a metal onto said coated substrate to 
obtain an electrolytically coated substrate. 

35 16. The process of any one of claims 1 to 14 comprising contacting said coated substrate with a reducing agent to 
obtain a reduced metal coating on said substrate, and electrolytically coating a metal onto said reduced metal 
coating to obtain an electrolytically coated substrate. 

17. The process of claim 16 wherein said coated substrate is neutralized prior to or simultaneously with the step of 
40 contacting said coated substrate with a reducing solution. 

1 8. The process of claim 1 6 or 1 7 wherein said reduced metal coating is microetched prior to said step of electrolytically 
coating said reduced metal. 

45 19. The process of any one of claims 16 to 18 where said reducing agent comprises a salt of an inorganic or organic 
nitrogen compound. 

20. The process of claim 19, wherein said reducing agent is a hydroxylamine or a derivative thereof, hydrazine or a 
derivative thereof, a borohydride or a lower alkyi amino borane. 

so 

21. The process of any one of claims 1 to 20 wherein said non-conductive substrate has a Group IB metal layer on 
one of its surfaces which is removed by etching prior to contacting said substrate with said activator. 

22. The process of any one of claims 1 5 to 21 further comprising forming a circuit pattern on said electrolytically coated 
ss substrate. 
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PatentanaprOche 

1. Verfahren zur Aufbringung eines MetallQberzugs auf ein nichtleitendes Substrat ohne Verwendung eines strom- 
losen Beschichtens, umfassend: 

5 

a. die Kontaktierung des Substrats mit einem Aktivator, umfassend ein Edelmetalt/Matall der Gruppe IVA - Sol 
zum Erhalt eines behandetten Substrats; 

b. Kontaktierung des genannten behandetten Substrats mit einer selbstbeschleunigenden und -erganzenden 
Eintauchmetallzusammensetzung mit eInem pH-Wert von oberhalb 1 1 bis pH 1 3, umfassend eine Losung von 

10 

(I) einem losiichen Cu(ll)-, Ag-, Au- Oder Ni- Salz Oder Gemischen davon; 

(ii) einem l-tydroxid eines Metalls der Gruppe lA und 

(iii) etnen Komplexbildner, umfassend ein organisches l^teriat mit einer kumutativen Bildungskonstante 
log K von 0.73 bis 21 ,95 fur ein Ion des Metalls des genannten Metallsalzes. 

IS 

um ein beschichtetes Substrat zu ertiatten. 

2. Verfahren nach Anspruch 1 . dadurch gekennzetchnet. daU das genannte Metall der Gruppe IVA in einem stochio- 
metrischen 0berschu3. verglichen mit dem genannten Edelmetalt, vorhanden ist und da3 es sich im wesenttichen 

20 in seinem niedrigsten Oxidatlonszustand befindet. 

3. Verfahren nach Anspruch 2, dadurch gekennzetchnet. daf3 der genannte stochbmetrische UberschuB des ge- 
nannten Metalls der Gruppe IVA das genannte Metall der Gruppe IVA im wesenttichen in seinem niedrigsten Oxi- 
dationszustand umfaQt. 

2S 

4. Verfahren nach Anspruch 2. dadurch gekennzetchnet, daf) das Motverhattnis des genannten Metalls der Gruppe 
IVA zu dem genannten Edelmetall 4:1 bis 95:1 betragt. 

5. Verfahren nach Anspruch 3. dadurch gekennzelchnet, dalB das Motverhattnis des genannten Metalls der Gruppe 
30 IVA zu dem genannten Edelmetall 10:1 bis 55:1 betragt 

6. Verfahren nach Anspruch 2, dadurch gekennzelchnet, daB der genannte Aktivator ein Patladium-Zinn-Soi umfaBt. 

7. Verfahren nach Anspruch 6, dadurch gekennzelchnet. daS der genannte Komplexbildner ein aliphatisches Amin, 
3S cyclisches Amin, eine Carbonsaure oder eine Aminosaure mit bis zu etwa 8 bis etwa 10 Kohlenstoffatomen ist. 

8. Verfahren nach Anspruch 6. dadurch gekennzelchnet, daQ der genannte Komplexbildner ein Niedrigatkanotamin, 
Gluconsaure. Milchsaure, Essigsaure und Weinsaure oder ihre Saize ist. 

40 9. Verfahren nach Anspruch 8, dadurch gekennzelchnet, da3 der genannte Komplexbildner Monoethanotamin oder 
Weinsaure oder ihre SaIze ist. daf3 das genannte Hydroxid des Metalls der Gruppe lA Lithiumhydroxid ist und daQ 
genannte Metall Kupfer ist. 

10. Verfahren nach einem der AnsprOche 1 bis 9, dadurch gekennzelchnet, daB das genannte Substrat eine Schicht 
45 aus einem Metatt der Gruppe IB auf einer seiner Oberflachen hat. 

11. Verfahren nach einem der AnsprOche 1 bis 9, dadurch gekennzelchnet. daB das genannte Substrat eine Kupfer- 
schicht auf einer seiner Oberflachen hat. 

50 12. Verfahren nach einem der AnsprOche 1 bis 11 , dadurch gekennzelchnet, daB das genannte Substrat eine Leiter- 
platte mit Durchgangstochern ist, wobei der genannte MetatlOberzug mindestens auf die Wande der genannten 
Durchgangslocher aufgebracht wird. 

13. Verfahren nach Anspruch 12, dadurch gekennzelchnet. daB die genannte Leiterptatte vor Aufbringung des ge- 
55 nannten MetallQberzugs ein Metall der Gruppe IB auf einer anderen ihrer Oberflachen ais dan Wanden der ge- 
nannten Durchgangslocher aufweist. 

14. Verfahren nach Anspruch 12, dadurch gekennzelchnet. daB die genannte Leiterptatte vor Aufbringung des ge- 



17 




EP 0 616 053 B1 

nannten MetallQberzugs Kupf er auf einer ihrer anderen Oberflachen als den Wanden der genannten Durchgangs- 
Idcher aufweist. 

15. Verfahren nach einem der Anspruche 1 bis 14, dadurch gekennzeichnet, daB man elektrotytisch ein Metall auf 
5 das genannte beschichtete Substrat auf&chichtet. um ein elektroiytlsch beschichtetes Substrat zu erhalten. 

16. Verfahren nach einem der AnsprOche 1 bis 14. dadurch gekennzeichnet. da3 man das genannte beschichtete 
Substrat mit einem Reduktionsmittel kontaktiert, um einen reduzierten Metalluberzug auf dem genannten Substrat 
zu erhalten und daQ man elektroiytlsch ein Metall auf den genannten reduzierten Metalluberzug aufschlchtet. um 

10 ein elektroiytlsch beschichtetes Substrat zu erhalten. 

17. Verfahren nach Anspruch 16. dadurch gekennzeichnet, daB man das genannte beschichtete Substrat vor oder 
glelchzeitig mrt der Stufe der Kontaktlerung des genannten beschichteten Substrats mit einer reduzierenden Ld- 
sung neutrallsiert. 

IS 

18. Verfahren nach Anspruch 16 oder 17, dadurch gekennzeichnet. daB man den genannten reduzierten Metalluber- 
zug vor der genannten Stufe der elektrolytlschen Aufschlchtung des genannten reduzierten Metalls mikroatzt. 

19. Verfahren nach einem der Anspruche 16 bis 16, dadurch gekennzeichnet. daB das Reduktionsmittel ein Salz 
20 einer anorganischen oder organischen Stickstoffverbindung umfaBt. 

20. Verfahren nach Anspruch 19, dadurch gekennzeichnet, daS das Reduktionsmittel ein Hydroxylamin oder ein 
Derlvat davon, Hydrazin oder ein Derivat davon, ein Borhydrid oder ein Niedrigalkylamlnoboran ist. 

2S 21 . Verfahren nach einem der Anspruche 1 bis 20, dadurch gekennzeichnet, daB das genannte nichtleitende Substrat 
eine Schicht aus einem Metall der Gruppe IB auf einer seiner Oberflachen hat, welche durch Atzen vor der Kon- 
taktlerung des genannten Substrats mit dem genannten Aktivator entfemt wird. 

22. Verfahren nach einem der AnsprOche 15 bis 21, dadurch gekennzeichnet, daB man weiterhin ein Leiterbzw. 
30 Schaltungsmuster auf dem genannten elektrotytisch beschichteten Substrat bildet. 



Revendlcations 

35 1 . Procddd d'application d'un revdtement mdtallique sur un substrat non conducteur. sans emploi de deposition non- 
eiectrique, comprenant : 

(a) la mise en contact dudit substrat avec un activateur comprenant un sol (m6tal pr6cieuxy(m6tal du Groupe 
IVA) pour obtenir un substrat traits ; 
40 (b) la mise en contact dudit substrat traitd avec un bain mdtallique de revdtement par immersion auto-accd- 

I6rant et auto-rajeunissant ayant un pH compris entre plus de 11 et 1 3 comprenant une solution : 

(i) d'un sel mdtallique soluble de Cu(ll), Ag. Au ou Ni ou de melanges de ceux-ci. 

(ii) un hydroxyde d'un m6tal du Groupe lA, 

45 (iii) un agent complexant comprenant une substance organique ayant une constante de formation cumu- 

lative log K comprise entre 0,73 et 21,95 pour un ion du mdtal dudit sel mdtallique. 

pour obtenir un substrat revdtu. 

so 2. Proc6d6 selon la revendication 1, dans lequel ledit m^tal du Groupe IVA est present en excds stoechiomdtrique 
par rapport audit m6tal pr^cieux et est substantieltement dans son 6tat d'oxydatton le plus bas. 

3. Proc6d6 seton la revendication 2. dans lequel ledit exc^s stoechiomStrique dudit m^tal du Groupe tXA comprend 
tedit mdtal du Groupe IVA substanttellement dans son dtat d'oxydatton le plus bas. 

55 

4. Proc^dd selon la revendication 2, dans lequel le rapport molaire dudit m^tal du Groupe IVA sur ledit m6tal pr6cieux 
est compris entre 4/1 et 95/1. 
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5. Proc6d6 selon la revendication 3, dans lequel ledit rapport molaire dudit mdtal du Groups IVA sur ledit mdtal 
pr^cieux est compris entre 1 0/1 et 55/1 . 

6. Procddd selon la revendicatbn 2. dans lequel ledit activateur comprend un sol palladium/dtain. 

5 

7. Proc^dd selon la revendication 6, dans lequel ledit agent connplexant est une amine aliphatlque. une amine cycli- 
que, un acide carboxylique ou un acide amind ayant jusqu'environ 8 k environ 10 atomes de carbone. 

8. Procddd selon la revendication 6, dans lequel ledit agent complexant est une alcanolamine inf^rieure, t'acide 
10 gtuconique. I'acide lactique, i'acide acdtique et i'acide tartrique ou teurs sels. 

9. Procddd selon la revendication 8, dans lequel ledit agent complexant est la mono^thanolamine ou I'acide tartrique 
ou leurs sels, ledit hydroxyde de m^tal du Groupe lA est I'hydroxyde de lithium et dans lequel ledit m^tal est le 
cuivre. 

IS 

10. Procddd selon i'une quelconque des revendicattons 1 d 9, dans lequel ledit substrat a une couche d'un m6tal du 
Groupe IB sur une de ses surfaces. 

11. Procddd selon Tune quelconque des revendications 1 k 9, dans lequel ledit substrat a une couche de cuivre sur 
20 une de ses surfaces. 

12. Proc^dd selon I'une quelconque des revendications 1 ^ 11, dans lequel ledit substrat est un tableau de circuit 
comportant des perforations, ledit revStement mdtallique 6tant appliqu6 au moins sur les parois desdites perlora- 
tions. 

25 

13. Proc6d6 selon la revendication 12, dans lequel ledit tableau de circuit, avant application dudit revStement m6tal- 
lique, a un m^tal du Groupe IB sur une de ses surfaces, autre que les parois desdites perforations. 

14. Proc6d6 selon la revendication 12, dans lequel ledit tableau de circuit, avant application dudit revdtement mdtal- 
30 lique, a du cuivre sur une de ses surfaces, autre que les parois desdites perforations. 

15. Proc6d6 selon I'une quelconque des revendications 1^14, comprenant la d6position 6lectrolytique d'un m6tal sur 
ledit substrat revdtu pour obtenir un substrat rev§tu ^lectrolytiquement. 

35 16. Proc6d6 selon Tune quelconque des revendications 1^14, comprenant la mise en contact dudit substrat rev&tu 
avec un agent rdducteur pour obtenir un revdtement de mdtal r6duit sur ledit substrat, et la deposition 61ectrolytique 
d'un m6tal sur ledit revfitement de m6tal r6duit pour obtenir un substrat revStu 6Iectrolytiquement. 

17. Proc^d^ selon la revendication 16, dans lequel ledit substrat revdtu est neutralist avant, ou en mdme temps, que 
<o I'dtape de mise en contact dudit substrat rev§tu avec une solution rtductrice. 

18. Proc6d6 selon la revendication 16 ou la revendication 17, dans lequel ledit revdtement de m6tal r6duit est micro- 
gravt avant ladite ttape de deposition dlectrolytique dudit mdtal rdduit. 

45 19. Procdde selon Tune quelconque des revendications 16^18, dans lequel ledit agent rdducteur comprend un sel 
d'un compost azote inorganique ou organ ique. 

20. Proctde selon la revendication 19, dans lequel ledit agent rtducteur est une hydroxylamine ou un dtrivt de celle- 
ci, I'hydrazine ou un d6riv6 de celle-ci, un borohydrure ou un alkylaminoborane inftrieur. 

so 

21 . Proctdt selon I'une quelconque des revendications 1 h 20, dans lequel ledit substrat non-conducteur a une couche 
d'un metal du Groupe IB sur une de ses surfaces qui est eiiminte par gravure avant la mise en contact dudit 
substrat avec ledit activateur. 

ss 22. Proc6d6 selon I'une quelconque des revendications 15 & 21 , comprenant aussi la formation d'un motif de circuit 
sur ledit substrat revdtu eiectrolytiquement. 



19 



